As part of a study of the comparative and functional morphology of the head of members of the order Gymnophiona (caecilians, the limbless, elongate fossorial or aquatic amphibians) we have investigated the morphology and distribution of sensory receptors (see also Hetherington and Wake, 1979; Fritzsch and Wake, 1986) . We report for the first time the presence of taste buds in gymnophione amphibians. Tiepel (1932) reported that he was not able to find taste buds in Hypogeophis. We find them (so far) only in adults of the aquatic Typhlonectes compressicaudus and in aquatic larvae of an undetermined species of Ichthyophis. The taste buds lie not on the tongue, but in the oral mucosa between the teeth of the lower jaw in Typhlonectes, and in the mucosa of the palate and lower jaw near the teeth in Ichthyophis. A number of terrestrial forms examined do ' Present address: Department of Oral Anatomy, College of Dentistry, University of Illinois at Chicago, Chicago, Illinois 60680, USA. not appear to have taste buds. The morphology of the taste buds is more similar to that of urodeles, particularly Salamandra (Jasinski and Miodonski, 1979) , than to the taste discs and nonpapillate organs of frogs. This resemblance is probably plesiomorphic. Taste bud morphology of urodeles and gymniphiones is similar to thatof fishes, and the anuran condition is presumed to be the derived state. We identify these structures as taste buds in gymnophiones for those of similar morphology have been demonstrated neurophysiologically to be functional taste buds in other taxa. In both anurans and urodeles (Jaeger and Hillman, 1976; Farbman and Yonkers, 1971; Fahrmann, 1967; Fahrmann and Schuchert, 1967; Diiring and Andres, 1976; Graziadei and DeHan, 1971; Jasinski and Miodonski, 1979; West and Bernard, 1978; Whitear, 1976 ) the taste buds are distributed on both the tongue and the oral mucosa, rather than the mucosa alone. Jasinski and Miodonski (1979) comment on the variation among taxa in mucosal and glandular structure and taste bud morphology and distribution, citing unpublished data. Both terrestrial and aquatic frogs and salamanders have taste buds, whereas we have observed them only in aquatic adults and larvae of caecilians to date. As with the studies cited above, too few species have been sampled to draw conclusions about taxonomic or ecological implications of the presence or absence of taste buds among species.
Heads of 18 species representing 15 genera were fixed in 10% neutral buffered formalin or 4% phosphate-buffered glutaraldehyde; the former were stored in 70% ethanol. Most were serially sectioned and stained variously with hematoxylin-eosin, picro-ponceau, Mallory's azan, safranin red F, or toluidine blue. Glutaraldehyde-fixed lower jaws and tongues of Dermophis mexicanus and Typhlonectes compressicaudus were dehydrated in an ethanol series, critical-point dried, sputtercoated with gold-palladium alloy, and examined and photographed with an ISI-DS 130 scanning electron microscope.
Scanning Electron Microscopy.-Taste buds of Typhlonectes compressicaudus are scattered through the oral mucosa of the labial margin of the lingual tooth row (Fig. lA) , but not on the tongue. The mucosal surface is of low, flat cells with irregular borders and numerous microvilli. The apical processes of the taste buds emerge in pores between mucosal cells. Taste buds have 8-25 processes with blunt tips; the processes end slightly above the mucosal surface (Figs. lB, C) .
Light Microscopy.-The taste buds of Typhlonectes are elongate, and the necks are long compared to taste buds of other amphibian taxa. That in Fig. 2A is 130 pm long and 70 pm wide at the widest part of the base. The tips of the apical processes are slightly higher than the mucosal surface. The pore is ill-defined in formalin-fixed material. We see some indication of the "light" cells, based on intensity of nuclear staining and association with apical filiform processes (and presumed by workers on frogs and salamanders to be the gustatory cells), and the "dark" or support1 sustentacular cells, with secretory granules.
The taste buds of Ichthyophis sp. larvae are abundant on the palate, especially near the marginal teeth, and in the mucosa of the lower jaw, again near the teeth, but none have been observed on the tongue. The taste buds are proportionally shorter (50 pm x 30 pm) than those of Typhlonectes adults, and have fewer cells (11 vs. 30 in a transverse section at the center of selected buds). Apical processes are apparent, the pore indistinct. Light and dark cells appear to be present (Fig. 2B) .
In this paper we document the presence of taste buds in gymnophiones. Light and scanning electron microscopy indicate some aspects of structure of the buds. Our studies continue, incorporating other species and preparation of material for transmission electron microscopy. However, some comparisons with the taste buds of frogs and salamanders can be made at this time. Most attention has been paid to the taste buds of the tongue in the latter groups. We suggest that much of the observed variation may be related to the morphology of the tongue itself (presence or absence of papillae, presence or absence of glandular crypts, etc.), though the flattened taste discs that characterize the frog species examined are clearly derived relative to taste bud morphology in other taxa.
The large size reported for taste buds of Necturus (Farbman and Yonkers, 1971 ) may indeed be due to large cell size and greater cell number, but far too few taxa of amphibians have been examined to draw significant conclusions about cell size and systematic position. Unfortunately, there are no studies of the ontogeny of these organs in amphibians. The taste buds of larval and adult caecilians, so far as is known, are noteworthy for three reasons: 1) the presence only in aquatic forms, larval or adult; 2) rather simple structure, similar to that of many fishes and some salamanders; and 3) distribution in the oral mucosa, but not on the surface of the tongue. Fishes are unusual for their extensive distribution of taste buds, not just in the mucosa but also over the external surface of the body.
Taste buds in the frogs and salamanders ex-amined have been shown to be both chemo-and mechanoreceptors (Rapuzzi and Casella, 1965) , but the two functions are separately innervated (Sato, 1976; West and Bernard, 1978) . The simple structure but mucosal restriction of taste buds in gymnophiones may suggest chemoreception of ions as water passes into the mouths of aquatic larval and adult caecilians as they feed.
